This paper presents a study on the biotic/abiotic conditions of the São Giácomo sanitary landfill, located near the city of Caxias do Sul, Brazil, through statistical analysis of fourteen physic-chemical data sets for the leachate, produced in the garbage dump site over a long period of years. Different chemometric methods are used in the statistical analysis. For example, the correlations between the variables, related to the degraded organic matter and biological activity, are determined by means of multivariate methods. The results highlight that BOD, COD, VTS, FTS and TS give information on the anaerobic degradation of the organic matter contained in the cells, and suggest that the greater the contribution of the variables with positive weights in PC1 the greater the level of organic matter degradation. The variables TN, Amon Nit. and alkalinity are related to the biological activity and determine the potency of the variables in relation to time. The greater the contribution of the variables related to organic degradation the greater the values in PC2 and the lesser the potency of these variables, whose influence is greater in the second stage of anaerobic degradation. The variables of PC2 is important plans of the contamination of the leached in the bodies hídrics.
Introduction
A sanitary landfill is predominantly an anaerobic biological system, in which the treatment of the deposited domestic solid residues occurs through the interaction of different microbial species. The development of the biosistem allows the conversion of the organic matter into methane gas and percolated liquids. The percolated/lixiviated liquids, commonly refered to as leachate, are the result of the enzymatic action of the microorganisms of the system and the resulting products of biodegradation [1] . The microbial activity in each stage of the solid residue stabilization process gives typical character ristics to the leachate. The variation in the leachate quality is generally attributed to a myriad of interacting factors such as type and depth of the solid waste, age of fill, rate of water flow and the interaction of the leachate with its environment [2, 3] .
Leached him it is the main source poluidora of the underground waters and surfaces. The impact produced for the leached on the environment it is directly related with its phase of decomposition [4] .
The stabilization degree, organic residue mineralizetion, organic matter distribution and the intervention of diverse groups of bacteria and fungi that act simultaneously influence, with regard to the leachate composition, the anaerobic digestion. In the anaerobic degradation, nitrogen is important for determining the nutrient sufficiency of the conditions (aerobic and anaerobic) at each stage of the stabilization [5, 6] .
Environmental concerns regarding methanogenic-state landfill leachates, characterized by low organic carbon concentration, high ammonia-N levels, and a large spectrum of metals. The slow leaching of nitrogen from solid waste in landfills, resulting in high concentrations of ammonia in the landfill leachate, may last for several decades [7] .
The main potential effects of the release of the leached in bodies hidric associated to the decrease of the concentation of the dissolved oxygen, to the toxic caused by the NH 3 and the eutrophication due to the high concentrations of N 2 [8] .
The area named Vazadouro de São Giácomo, in the peripheral region of Caxias do Sul, RS, Brazil, on the banks of the Tega River, received in a disorderly form, for a period 1988 to 1990, the urban solid residues produced in the city, causing the environmental degradation of an area of approximately 1.4 hectares (Figure 1) .
The remediation project for the area degraded by solid waste was prioritized aiming to minimize the generation of percolated liquids and to carry out environment monitoring. The arrangement of the solid waste in layers or cells was executed according to the NBR 8418/1984 and the NBR 8419/1984 norms, and the resulting system is monitored monthly.
The most easily found post-consumption thermoplastic polymers, defined as commodities, are: low density polyethylene (LDPE), high density polyethylene (HDPE), polypropylene (PP), polyvinyl chloride (PVC) and polystyrene (PS). It has been estimated that in Europe the consumption of thermoplastics is 80 kg/habitant/year and in Brazil it is around 23 kg/habitant/year [9] . Since these polymers have a high resistance to degradation, large volumes are discarded to garbage dump sites and industrial waste sites. In this study fourteen physic-chemical variables of the leachate are analyzed along with the factors which influence the organic matter degradation at the São Giácomo sanitary landfill, consisting of seven refuse cells of different ages, by means of principal components analysis (PCA). In this work the objective was to study the degradation of organic substances and the biological activity of the physic-chemical leachate variables in the cells of different ages from the sanitary landfill.
Chemometric analysis method and principal component analysis were used for interpretation and to indicate associations between the variables.
Later on, in another work, these factors will be considered in relation to the biodegradation or oxidative degradation of the organic matter and the buried polymers in the landfill.
Experimental Part

Physico-Chemical Parameters
The data set for fourteen physico-chemical parameters was compiled over ten years by the Instituto de Saneamento Ambiental (Environmental Health Institute of the University of Caxias do Sul) and by the Companhia do Desenvolvimento (Development Company of Caxias do Sul) (CODECA) [10] , and relates to leachate flowing from the São Giácomo sanitary landfill. This landfill comprises seven cells of different ages. The cells are denoted as follows (the numbers inside parentheses indicate the age in months): C1 (136), C3 (115), C4 (94), C5 (54), C7 (43), C8 (27) and C9 (20).
The samples were analysed with respect to fourteen parameters: pH, alkalinity, total solids (TS) , volatile total solids (VTS), fixed total solids (FTS), chemical oxygen demand (COD), biochemical oxygen demand (BO-D) , total nitrogen (TN.), amoniac nitrogen (Amon Nit.), cadmium (Cd), copper (Cu), iron (Fe), manganese (Mn) and zinc (Zn). The chemical components to be analyzed were chosen on a list of priority degradation and bio-logical activity in the organic matter.
The variables collected at the sanitary landfill ( Figure  1 ) were correlated and analyzed by chemometric methods using multivariate statistics in the treatment and chemical analysis in order to extract the maximum chemical information. The chemometric methods were applied through the classification and comparison of different samples [11] by determining correlations between the degradation of organic substances and the biological activity.
Multivariate Analysis
The physic-chemical variables of the leachate were investigated by different chemiometric methods: basic statistical methods for the determination of mean and values, standard deviations, minimum and maximum, and the principal components analysis method for advanced information, everything through the software Statistical Product and Service Solution (SPSS).
The problems originated from some missing values were minimized using the procedure "exclude marry listwise" available in SPSS. The variables were standardized to remove the influence of the measures units and the values magnitudes.
Before using PCA, mathematical manipulation of the data set was carried out, describing, investigating and comparing the variables in the set, aiming at predicting models through the multivariate analysis (median, mean values, standard deviations, etc.).
The multivariate analysis was performed through PCA [12] [13] [14] , which is an efficient way to suppress redundant information on the multidimensional initial data and to obtain the relevant non-correlated information. This means that the covariance matrix of the variables X 1 , X 2 , ... , X N containing the data is diagonal or quasi diagonal.
Initially we have a matrix [X 1 , X 2 ... X N ] of the data which is transformed to the centered form (mean-deviation form), or to another convenient form for analysis. Let us assume that the example matrix shown is already in such a form. The aim of PCA is to find an orthogonal matrix P = [u 1 u 2 ... u p ], that is, a matrix P such that P t P = I, which defines a change of variable X = PY; with another notation, 
where the new coordinates y 1 , y 2 , ... , y 3 are uncorrelated and are displayed in descending order of variance. The unitary vectors u 1 , u 2 , ... , u p , arranged in ascending order of importance, are named Principal Components (PCs) of the data (observations matrix). These PCs are described in terms of eigenvalues of some matrix.
The first principal component (PC1) u 1 determines a new variable y 1 in the following way. Let c 1 , c 2 , ... , c p be the u 1 coordinates. Since the transposed vector is the first line of P t , the equation
We see that y 1 is a linear combination of the original variables x 1 , x 2 , ... , x p , that have the coordinates of u 1 as its coefficients. In the same way, u 2 determines a variable y 2 , ecc.
So, by means of the PCA we obtain the least number of uncorrelated variables, which are a linear combination of the initial ones, allowing the description of the structure and the interconnections of the original variables of the phenomenon being studied, with base on the PCs obtained. The results of the PCA can be visualized by graphs of the scores which allow an estimation of the influence of each variable of each sample [15, 16] .
The representation and analysis of weights and scores graphs obtained from the relations between the physicchemical variables of each sanitary landfill cell, per lifetime, determines the probability distribution. Through the interpretation of the resulting data, correlating these data and that for the other cells of the landfill and using PCA, the factors which account for the maximum variance in all observed variables are obtained. The choice of PCs to describe the data was made considering the percentage of the variance they describe and the residual variance.
Results and Discussion
After determining the mean value and standard deviation, the correlation was studied for all measured varaibles. The data were autoscaled (mean equal zero and variance equal 1). The application of the main components is to reduce the dimensions of the original variables and for the extraction of the main components it is selected the components main through of the scree plots.
The sedimentation graphs (eigenvalue relations and component numbers) obtained from the PCA indicate the number of PCs that were used for each cell. The adopted approach refers the use of the eigenvalues that they possess larger capacity to explain the larger total variability. The percentages of variances in resulting eigenvectores (PCs) [16] [17] [18] .
An analysis of the correlation matrix allowed to uncover strong associations between some variables PCA showed the existence of the two a at four a significant PCs.
It is reasonable to expect that two to four main components were enough to describe the original variables of each cell of the sanitary landfill. In fact, according Table  1 , two PCs for C5 and C7 are sufficient to describe the data, since they contain 79.93% and 80.52%, respectively, of the original results, while, for the cell C1, four PCs contain 77.75% of the variability of the data. The results for cell C1 demand four PCs due to the disorderly arrangement of the solid waste in the landfill, which requires a larger number of representative variables. For cells C3, C4, C8 and C9 three PCs are needed to describe the original data, since they contain 69.20%, 81.55%, 88.911% and 85.27%, respectively, of the original results of the data.
It can be observed that for the more recent cells the variance percentage of the original data is greater, due to the high level of organic matter degradation (major activity). The other cells show signs of stabilization, since their degradation stages occur under neutral and alkaline pH conditions.
In Table 1 , PCi, i = 1, 2, 3, 4, indicates the i th principal component. As it can be seen in the table, cells C1 (39.95%), C4 (53.52%), C5 (50.11%), C7 (53.50%) and C8 (54.17%) give the variables COD, BOD, VTS, TS, FTS as corresponding to first principal component (PC1). Except for C3 and C9, the cells have as PC1 the correspondent variables BOD, COD, VTS, FTS and TS, indicative of anaerobic degradation of the organic matter in the cells.
The second principal component (PC2), Table 1 , for cells C1, C3, C4, C5, C7, C8 and C9, are associated to the variables TN., Nit. Amon. and alkalinity, that control the acidity in the development of the bacterial biological activity.
Due to the low percentage of metals, the analysis for PC3 was not performed in this study. Even so, the presence of metals should be considered in the landfill, since they are responsible for movement and complexation in the formation of acids, and complexation and precipitation of the metallic species during methanogenic fermentation.
The PCA results are visualized in graphs that identify clusters of physico-chemical variables values. The weights graphs (Figures 2(a) and 3(a) ) contain important information that allows us to describe the variation in the original data, and the scores graphs (Figures 2(b) and  3(b) ) exhibit information about the age of the cells, making similarities, clusters and differences visible, based on the used variables.
From the behavior of the physico-chemical variables in terms of lifetime (Figures 2(a) and 3(a) ) it can be concluded that the greater the contribution of the variables with positive weights in PC1 the greater the degradation of the organic matter (variables in PC1). The negative values for the weights in PC2 demonstrate that the variation in the values for the physico-chemical variables influences the second stage of anaerobic degradation.
On considering cells C5 and C7 (Figures 2(a) and (b) ), with respective ages of 54 and 42 months, in the scores graph (Figures 2(b) ) for PC1, the group on the left side decreases over time, due to the degradation of organic matter consumed in the landfill.
PC2 is related to the biological activity which increases over time. The variables (more active variables) in PC2, located on the lower part of the scores graph (Fig The organic matter degradation is aided by the presence of nitrogen, which is important in the determination of the nutrient sufficiency of the aerobic and anaerobic conditions during each stabilization phase.
For cells C3, C4, C8 and C9, with 115, 94, 27 and 20 months of age, respectively, three PCs were considered and for cell C1, with 136 months of age, four PC's were considered.
In order to visualize the weights and scores of cells C1, C3, C4, C8 and C9, aiming a better interpretation, twodimensional graphs of PC1 versus PC2 and PC1 versus PC3 (Figures 3(a) and (b) ) were constructed. The interprettation of the two-dimensional scores graph (Figure 3(b) ) allows a prediction, based on PC2, of the most significant time values in relation to the biological activeity on the organic matter (potency).
Since cell C1 has a disorderly arrangement of residues, PC2 (Figure 3(b) ) has higher values in the scores graph for the numeric variables at the upper part and less potent ones in the lower part. It may therefore be concluded that degradation of the organic matter takes place in the final months and that, for the variables with numeric values from 40 to 85, the biological activity reflects the more potent variables. In this cell, the degradation of the organic matter occurs more intensely over time, but one can note a less potent biological activity.
Considering cells C4 and C8, for PC2, the most potent variables are located on the lower part of the scores graph (Figure 3(b) ), while the less potent ones are on the upper part. These positions in the weights graph (Figures 3(a) ), PC1 versus PC2, indicate that the greater the contribution of the variables related to organic degradation the greater the score values in PC2, and the lesser the potency of these variables.
From an analysis of the newest cell C9, it can be seen that its potent variables are on the lower and the upper parts of the graph, indicating that the degradation of organic matter and the biological activity occur simultaneously.
An analysis of the biodegradability of the organic matter is of fundamental importance in the study of the abiotic factors that act on the sanitary landfill ecosystem. Such an analysis can reveal the presence of anaerobic microbial activity, considering that the leachate of cells C1, C3 and C4 has predominantly methanogenic characteristics (in 70% of the cases the BOD/COD ratio was below 0.4).
The newest cells C5, C6, C7 and C9 are in an unstable methanogenic phase (BOD/COD > 0.4), and an overlap of the stabilization stages can be observed during the degradation process, due to the heterogeneity of the material deposited in the landfill.
Conclusions
The physic-chemical and biological processes in a sanitary landfill, which lead to the degradation of the organic components of the dumped mass of solid waste, can be monitored through the collection of data that served to indicate the decomposition state of the dumped mass and the transformations that go on at the site. The sanitary landfill can be considered as a biological reactor, where there are suitable conditions for the growth of the bacteria that are responsible for biodegradation.
The chemometric analysis of the leachate data coming from São Giácomo sanitary landfill in Caxias do Sul, according the principal components analysis of fourteen physico-chemical parameters obtained from the leachate relating to seven studied cells, showed that two to four PCs are enough to describe the original data and identified the physic-chemical parameters related to the anaerobic digestion (enzymatic action) in terms of the leachate composition [19, 20] .
It could be observed that for the newest cells, the percentage of variance in the original data is greater than for others, due to the high concentration of organic matter undergoing degradation (more activity), the older cells showing signs of stabilization.
The PCA results highlight, in PC1 (BOD and COD, VTS, FTS and TS), variables that give information on the anaerobic degradation of the organic matter contained in the cells, and suggest that the greater the contribution of the variables with positive weights in PC1 the greater the level of organic matter degradation. The PC2 variables (TN., Amon Nit. and alkalinity) are related to the biological activity and determine the potency of the variables in relation to time. The greater the contribution of the variables related to organic degradation the greater the values in PC2 and the lesser the potency of these variables, whose influence is greater in the second stage of anaerobic degradation.
A sanitary landfill does not have a single age, but a variation of associated ages. These complex ecosystems converge toward the final stability of the organic matter, after countless transformations and biochemical interact tions between different microbial species, that can be modeled by means of chemometric analysis through the study of the physic-chemical parameters of the sanitary landfill. The method of multivariate analysis of the data (PCA) proved to be efficient to analyze and to characterize the leachate of the sanitary landfill.
The PC2 variables (TN., Amon Nit. and alkalinity) are related to the biological activity e quase totalidade do Amon Nit. in leached him it is originating from of the degradation of the matter orgânica. The effluent pouring out with significant amounts of nitrogen in a receiving body it can cause decomposition, decrease of the concentration of dissolved oxygen and toxicidade to the environment. It is recommended to accomplish treatment of removal of the ammonia from leachate before it discards it in the environment.
